BENCHMARKS
is then inverted (bacteria side up) and dried on 3MM filter paper (Whatman, Clifton, NJ, USA) until no trace of liquid remains (several seconds). The filter is placed bacteria side down on a Petri dish containing the λTriplEx2 lysis plaques and incubated for 15 min at 31°C. A longer incubation time (up to 1 h) may be preferable if the lysis plaques are very small. The filter is then removed and placed plaque side up on an LB plate containing at least 100 µg/mL ampicillin and cultured overnight at 31°C.
Each plaque will give rise to a colony carrying the corresponding plasmid. Single colonies can be replicated in selective medium (Terrific Broth plus antibiotic) or stored as desired. We have used yellow Gilson cones (Gilson, Middletown, WI, USA) to transfer individual colonies into 100 µL of medium in 96-well microtitration plates for culture and storage as glycerol stocks. Two-milliliter cultures were used for plasmid extraction and direct sequencing. More than 12,000 clones have been isolated from three different cDNAs libraries with this method.
To further explore conversion conditions, we have tried other types of support like filter paper or Hybond-N (Amersham Biosciences), but it appears that conversion does not work properly on these supports. On the other hand, it is possible to prepare ready-touse nitrocellulose conversion filters that can be stored. After deposition of bacteria on the filters, we have subjected them to lyophilization and stored them at 4°C. After 2 days, we have successfully used these filters for conversion without any loss of activity. Thus, it appears that preparation of the conversion filters can be uncoupled from the library conversion itself.
This efficient method of conversion can be applied to other binary vectors, such as λSCREEN and λBlueSTAR, both from Novagen (Madison, WI, USA) (3). For the latter vector, which is designed for genomic libraries, the conversion yield cited by Novagen in liquid media is 10%, which is very low. The very high-throughput observed with our technique should greatly increase the utility of the λBlueSTAR vector for production of genomic libraries. The eukaryotic cells of Dictyostelium discoideum are widely used for studies in cellular and molecular biology (1) . The organism has been especially useful for elucidating the molecular mechanisms that underlie cell motility and chemotaxis (2) . Recently, D. discoideum has taken on an important new role in investigations of resistance to anticancer drugs and the discovery of new drug targets (3) (4) (5) (6) . For example, it has been used to identify novel genetic pathways involved in the response to cisplatin (4), and its endogenous morphogen differentiation-inducing factor-1 (DIF-1) has been identified as an antileukemic agent (7). Several features make this organism ideal for these studies, including (i) its well-studied biology and haploid genome, which is almost completely sequenced; (ii) the ability to do homologous gene replacement and random insertional mutagenesis; (iii) the ease and low cost of culture (compared to animal cells) and rapid doubling time; and (iv) its high level of genetic conservation with humans.
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Assessing BENCHMARKS um is generally grown in axenic liquid medium for molecular biology studies, but it can also feed by the phagocytosis of bacteria on nutrient agar. Viability measurements rely on the latter and are commonly performed by co-plating aliquots of serially diluted cultures with the bacterial food source Klebsiella aerogenes onto 100-mm nutrient agar plates (8, 9) . The samples are spread on the plate using a glass rod spreader. After incubation for 4 days at 22°C, the plaques of growing D. discoideum appear as clearings in the bacterial lawn. Each plaque represents an initial viable cell and, with appropriate dilutions, one can assess viability over four orders of magnitude. However, this methodology has serious drawbacks that greatly limit quantitation and throughput. These problems center on the expense, difficulty, and accuracy of plating cells on 100-mm agar plates. A typical simple experiment might include four drug concentrations and five 10-fold dilutions of each culture performed in duplicate. This would require 40 plates and 2 L medium and agar. Spreading 40 plates takes approximately 1 h and requires experience and finesse on the part of the investigator.
Even with this degree of care, quantitation is limited due to the error introduced by spreading and the difficulty in counting plaques from the more concentrated samples. In general, this requires more dilutions, which requires more plates and more time. Overall, generating viability data over a wide range of drug concentrations is expensive, labor-intensive, and time-consuming, while producing limited data. We have devised a method that obviates all these problems and increases the ability to quantitate viability.
Our method employs 24-well culture plates instead of Petri dishes. Two milliliters of molten SM nutrient agar (9) are dispensed into each well using a repetitive dispensing syringe (Fisher Scientific, Pittsburgh, PA, USA) that fills the wells about half full. The 24-well plates are placed on a level surface (a leveled glass plate), and the agar is allowed to harden in the wells. This step ensures that the agar has a level surface with minimal meniscus. It is much faster than pouring plates and uses approximately one-twentieth the amount of medium and agar. Twenty microliters of K. aerogenes are added to each well, followed by 15 µL serially diluted D. discoideum cultures. No spreading is required, which saves time and reduces the error associated with this step. The plates are manually agitated for 1 min to ensure uniform distribution, left to dry on a level surface, and then incubated at 22°C. Plating 24 wells takes just a few minutes compared to the 30-40 min needed to plate 24 (100 mm) plates and results in more uniform innoculum distribution because it does not require spreading, thus providing better quantitation of clones. Because of the ease and costsavings, series of 2-or 3-fold dilutions can be easily analyzed (compared to standard 10-fold dilutions), which allows for more precise quantitation for drug studies in which changes in sensitivity are often less than one order of magnitude. Moreover, it is feasible to assay more drug concentrations and time points. An unexpected finding is that plaques appear in 2.5-3 days in the 24-well format rather than in 4 days in the 100-mm dishes. Although the underlying reason for this is unclear, it provides timesavings.
Plaques are conveniently viewed by scanning the 24-well plates with a flat-bed Expression ® 1680 Scanner (Epson America, Long Beach, CA, USA), which allows the wells to be scored more easily after enlarging and adjusting the contrast of the image (Figure 1 ). Counting could also be automated using software, although we have not tried that method. Table 1 Figure 2 demonstrates the use of this method to assess the viability of D. discoideum cells in response to the chemotherapeutic drug cisplatin. D. discoideum cultures (1 × 10 6 cells/mL) were treated with three different concentrations of cisplatin in two different buffers for 4 h. Fifteen microliters of serial 3-fold dilutions were plated as described earlier, and the plates were scanned after three days. Survival was calculated as the percentage of plaques in the drug-treated cultures relative to the untreated cultures (Figure 2A ). These data clearly show that differences in the buffer in which the drug is delivered have a substantial effect on cell viability. Scans of some of the duplicate plates are shown ( Figure 2B ). It is important to note that viability was measured over four orders of magnitude, precision that is not possible with many viability assays such as dye exclusion or tetrazolium salt [e.g.,3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrasodium, bromide (MTT)]-based assays, which would either require counting 10,000 cells for each data point or is limited by the range of sensitivity of a spectrophotometer. Figure 1 . Image of dilution series. Dilution series (3-and 5-fold) in saline solution (10 mM NaCl, 10 mM KCl, 2 mM CaCl 2 -distilled water) were made from samples of a culture of logarithmically growing D. discoideum cells (1.3 × 10 6 cells/mL; assessed by counting cells in a hematocytometer). Fifteen microliters of each dilution were co-plated with 20 µL K. aerogenes. Standard K. aerogenes preparations are made by growing the bacteria in SM medium (9) overnight to A 660 = 1.3, washing in saline, resuspending to one-tenth the original volume, and freezing at -80°C in 15% glycerol in phosphate-buffered saline (PBS) (Invitrogen, Carlsbad, CA, USA). Aliquots of the bacteria are thawed, pelleted to remove the glycerol, and resuspended in the same volume of SM medium. The plates were incubated at 22°C, scanned after 68 h using a flat-bed Expression 1680 scanner, and imaged using Adobe ® Photoshop ® . The images shown were selected from the data presented in Table 1 and are displayed in inverted form, which enhances contrast and enables counting. Dilutions are indicated above and below the corresponding rows of wells. An important aspect of this method is evident when one considers the mechanism of action of many chemotherapeutic drugs that work by damaging the DNA. These drugs often do not kill the cells immediately. Instead, the toxic effect of these drugs is manifest only after one or more cell divisions, when the DNA-drug adducts have interfered with cellular functions such as DNA replication or RNA transcription. To this end, it is necessary to have a method that measures the number of surviving cells that are capable of further cell divisions, as opposed to a method that only detects immediate cell death.
Overall, this method dramatically improves precision and accelerates viability testing with D. discoideum. The method could be easily scaled up for highthroughput with the use of robotics to perform the serial dilutions and inoculate the cells into the wells. However, even in its manual form, this method will greatly facilitate the use of this versatile organism in studies of drug resistance, DNA repair, and target discovery. 
